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(54) SYSTEM FOR CONTROLLING AN INTAKE TEMPERATURE OF CHARGE AIR

(67) A system for controlling an intake temperature
(Tg2) of a charge air, which is fed into an internal com-
bustion engine (2) of a vehicle, wherein the system com-
prises: a water-to-charge air heat exchanger (1), which
is switchable connected to a high temperature coolant
loop (3) and/or to a low temperature coolant loop (4) to
exchange heat; and control device (5); wherein the con-
trol device (5) selects a target temperature for the intake

Fig. 1 ;

temperature of the charge air that is fed into the internal
combustion engine (2) according to a detected at least
one environmental or powertrain parameter; and wherein
the coolant loops (3, 4) are switched to be connected or
disconnected with the water-to-charge air heat exchang-
er (1) such that the intake temperature (Tg2) of charge
air is heated up or cooled down to the selected target
temperature.
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Description

[0001] The present invention relates to a system for
controlling an intake temperature of charge air which is
fed to anintake manifold of an internal combustion engine
of a powertrain of a vehicle.

[0002] In recent years, exhaust emissions of vehicles
are facing challenging restrictions due to increasingly se-
vere environmental regulations to air pollution by carbon
oxides, nitric oxides, particulate matter or hydrocarbons.
Hence, in the last decades more complex exhaust after-
treatment system arose including catalytic converter de-
vices and particulate filters.

[0003] Another key to a more efficient combustion re-
sulting in lower fuel consumption and thus lower emis-
sions, is the monitoring and setting of the intake air tem-
perature of an internal combustion engine, to ensure op-
timized combustion conditions with respect to an opera-
tion state. At high intake air temperatures, for example
by compressing the suctioned ambient air by means of
a turbo charger or compressor, a high molar volume of
an air fuel mixture results in a low concentration of reac-
tants input per suction stroke of a cylinder despite a high
pressure appliance. At low intake air temperatures, e.g.
at a cold engine start, cold conditions or charge air com-
pression in a low range of rotational engine speed, a low
molar volume of the air fuel mixture results in a high con-
centration of reactants input per suction stroke of a cyl-
inder. However, a cold reaction temperature affects an
efficient combustion characteristic within the cylinder,
leading to deteriorations of the emissions, e.g. the re-
lease of unburned hydrocarbons.

[0004] Nowadays, modern vehicles having a turbo
charged or compressor charged internal combustion en-
gine and an exhaust aftertreatment system are equipped
with an intercooler, i.e. a water-cooled charge-air cooler
arranged between a turbo or compressor charger and
the internal combustion engine, as well as an exhaust
gas recirculation (EGR) for returning a part of exhaust
gas back into the combustion chambers. In order to con-
fine an intake air temperature to a preferred temperature
range for efficient combustion, the intake air temperature
can be controlled by cooling the hot compressed charge
air on the one side, or introducing an increased amount
of hot exhaust gas to be mixed with the fresh intake air,
on the other side.

[0005] In prior art, the latter measure for raising the
intake air temperature is performed by using either one
or both of a high pressure exhaust gas recirculation (HP-
EGR) arranged in a section of an exhaust line upstream
to a turbine of the turbo charger, or a low pressure ex-
haust gas recirculation (LP-EGR) arranged in a section
of the exhaust line downstream to an exhaust aftertreat-
ment device.

[0006] Patent application WO 2004 044 401 A1 dis-
closes a systemincluding a water-cooled charge air cool-
er having two stages for a high temperature and a low
temperature coolant, as well as a high pressure and a
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low pressure exhaust gas recirculation.

[0007] Recentapproaches ofraising the intake airtem-
perature by means of mixing exhaust gas recirculation,
such as disclosed in the patent application WO 2004 044
401 A1, reveal several disadvantages. The use of high
pressure exhaust gas recirculation compromises the per-
formance of the turbo charger and significantly raises
introduction of soot to the engine components or leading
to clogging of an EGR-valve due to the high rate of par-
ticulate matter. The use of low pressure exhaust gas re-
circulation provides a better turbo charger performance
and better fuel consumption. However, when an engine
warm up is required, a lower intake manifold gas tem-
perature is achieved due to lower downstream exhaust
temperatures before recirculation, thus requiring a higher
recirculation amount and a poor mixture for achieving a
higher intake air temperature.

[0008] It is therefore an object of the invention to pro-
vide a system for controlling an intake air temperature of
an internal combustion engine, which provides more ef-
ficient combustion characteristics and therefore better
emission characteristics.

[0009] According to the invention, the object is solved
by a system for controlling a temperature of intake air,
which is fed to an intake manifold of an internal combus-
tion engine of a powertrain of a vehicle, wherein the sys-
tem comprises: a water-to-charge air heat exchanger,
which is switchable connected to a high temperature
coolant loop and/or to a low temperature coolant loop to
exchange heat; a charge air duct operatively connected
to the water-to-charge air heat exchanger; a connecting
air duct that connects the water-to-charge air heat ex-
changer to the internal combustion engine; detecting
means for detecting the intake temperature of charge air
in the connecting air duct or downstream of the water-to-
charge air heat exchanger; detecting means for at least
one environmental or powertrain parameter of the vehi-
cle; and a control device that is coupled to the detecting
means for the intake air temperature and that is coupled
to the detecting means for the at least one environmental
or powertrain parameter of the vehicle; wherein the con-
trol device selects a target temperature for the charge air
that is fed to the engine intake manifold according to the
detected at least one environmental or powertrain pa-
rameter; and wherein the coolant loops are switched to
be connected or disconnected with the water-to-charge
air heat exchanger such that the intake air temperature
is heated up or cooled down to the selected target tem-
perature.

[0010] Hence, for the first time, the system according
to the invention implements a thermal management of
intake air by means of a water-to-charge air heat ex-
changer providing not only a cooling function but also a
heating function, wherein, in particular, the heating is re-
alized independently from the use or even the presence
of a HP-EGR in the system. The thermal management
of intake air is realized by a dedicated switchable piping
and control of switching of two volume flows of different
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temperature coolants circulating through the water-to-
charge air heat exchanger.

[0011] Asaresultthe system accordingtothe invention
introduces a new concept of thermal management of in-
take air dominantly advantageous in operation states,
when the engine side coolant temperature has become
higher than the ambient temperature, and where the in-
take air temperature is insufficiently increased by low
compression of the turbo charger, i.e. at low rotational
engine speed.

[0012] Due to the control of the temperature-volume
ratio instantly circulating through the water-to-charge air
heat exchanger, the system according to the invention
provides a fast measure to supply an intake air target
temperature at quick transitions between function modes
by switching the connections of coolant loops.

[0013] By optimizing efficient combustion conditions
based on ensuring a target intake air temperature range
on the fresh air intake side, instead of the exhaust gas
recirculation side, the system according to the invention
avoids a loss of performance of the turbo charger due to
an upstream arranged HP-EGR, avoids raised introduc-
tion of particulate matter or soot to the intake side of the
engine, or avoids a poor mixture of recirculated exhaust
gas and fresh air fuel ratio.

[0014] The employment of the system according to the
invention can also substantially eliminate the need for a
high pressure exhaust gas recirculation in terms of its
utilization for heat influx, thus enabling a simplification,
lower costs and higher reliability compared to conven-
tional complex EGR systems requiring a separate cooling
of the HP-EGR-valve due to the high temperature expo-
sure upstream in the exhaust line.

[0015] Accordingtoan aspectoftheinvention, the con-
trol device is coupled to a pump driving the low temper-
ature coolant loop; and in a heating mode, when the in-
take air temperature is to be heated up to the selected
target temperature, the driving power of the pump is
switched off; or in a cooling mode, when the intake air
temperature is to be cooled down to the selected target
temperature, the driving power of the pump is switched
on and controlled in a volume flow.

[0016] The pump allows to drive the low temperature
coolant loop as a separate coolant section and it is al-
ready conventionally provided within a known coolant
system for the use of a charge air cooler having two stag-
es. The control of volume flow driven by the pump pro-
vides, besides the switchable connections, an additional
factor of adapting the coolant temperature and the cool-
anttemperature transition in the water-to-charge air heat
exchanger.

[0017] According to an aspect of the invention, the wa-
ter-to-charge air heat exchanger comprises an exchange
stage for exchanging heat between a coolant and the air
conducted through the charge air duct; and the exchange
stage having an inlet and an outlet switchable connected
to the high temperature coolant loop and the low temper-
ature coolant loop via a three-way valve, respectively.
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[0018] The arrangement of one exchange stage and
two three-way valves for connection to the two coolant
loops provides a simple yet effective configuration of the
system according to the invention, realizing low costs by
a small number of standardized components.

[0019] According to an aspect of the invention, in a
heating mode, when the intake air temperature is heated
up to the selected target temperature; the three-way
valves are switched to connect the inlet and the outlet of
the exchange stage with the high temperature coolant
loop.

[0020] In this way, the system configuration adopts a
state causing a heating up of the intake air temperature
by a heat transfer from the coolant to the intake air, i.e.
inducing the advantageous effect of heating the charge
air, in certain conditions.

[0021] According to an aspect of the invention, in a
cooling mode, when the intake air temperature is cooled
down to the selected target temperature; the three-way
valves are switched to connect the inlet and the outlet of
the exchange stage with the low temperature coolant
loop.

[0022] In this way, the system configuration adopts a
state causing a cooling down of the intake air temperature
by a heat transfer from the intake air to the coolant, i.e.
ensuring the conventional operation task of the water-to-
charge air heat exchanger.

[0023] According to an aspect of the invention, the wa-
ter-to-charge air heat exchanger comprises a high tem-
perature exchange stage and a low temperature ex-
change stage for exchanging heat between a coolantand
the air conducted through the charge air duct, respec-
tively; the low temperature exchange stage having an
inletand an outlet connected to the low temperature cool-
ant loop by a supply line and a return line; the high tem-
perature exchange stage having an inlet and an outlet
connected to the high temperature coolantloop by a sup-
ply line and a return line; wherein the inlet and the outlet
of one of the low temperature exchange stage and the
high temperature exchange stage are switchable con-
nected to the corresponding one of the low temperature
coolant loop and the high temperature coolant loop, and
are switchable connected to the supply line and the return
line of the other one of the low temperature exchange
stage and the high temperature exchange stage via a
three-way valve, respectively.

[0024] The arrangement of an exchanger setup of two
exchange stages and two three-way valves for connect-
ing the two coolant loops provides an elevated configu-
ration of the system according to the invention. This sys-
tem configuration realizes the benefits of a conventional
charge air cooler having two stages, i.e. a subsequent
cascade cooling, while achieving a faster temperature
transition in the exchange stages and a more consistent
temperature maintenance within separate coolant loops,
due to a smaller filling volume each exchange stage and
a smaller mixing volume effected between the coolant
loops during a transition of modes.
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[0025] According to an aspect of the invention, in a
heating mode, when the intake air temperature is heated
up to the selected target temperature; the three-way
valves are switched to connect the inlet and the outlet of
the high temperature exchange stage with the high tem-
perature coolant loop; and are switched to disconnect
the inlet and the outlet of the low temperature exchange
stage from the low temperature coolant loop.

[0026] According to an alternative aspect to this heat-
ing mode, the three-way valves can be switched to con-
nect the inlet and the outlet of the downstream stage of
the water-to-charge air heat exchanger with the high tem-
perature coolant loop.

[0027] In this way, the latter system configuration
adopts a state causing a heating up of the intake air tem-
perature by a heat transfer from the coolant to the intake
air, i.e. as explained above.

[0028] According to an aspect of the invention, in a
cooling mode, when the intake air temperature is cooled
down to the selected target temperature; the three-way
valves are switched to connect the inlet and the outlet of
the low temperature exchange stage with the low tem-
perature coolant loop; and are switched to disconnect
the inlet and the outlet of the high temperature exchange
stage from the high temperature coolant loop, respec-
tively.

[0029] According to an alternative aspect to this cool-
ing mode, the three-way valves can be switched to con-
nect the inlet and the outlet of the downstream stage of
the water-to-charge air heat exchanger with the low tem-
perature coolant loop.

[0030] In this way, the latter system configuration
adopts a state causing a cooling down of the intake air
temperature by a heat transfer from the intake air to the
coolant, i.e. as explained above.

[0031] Accordingtoan aspectoftheinvention, the both
three-way valves are realized by a six-way valve. This
configuration provides a more compact valve design
switchable by a single actuator and enabling a space
saving advantage.

[0032] Accordingto an aspect of the invention, the wa-
ter-to-charge air heat exchanger comprises a high tem-
perature exchange stage and a low temperature ex-
change stage for exchanging heat between acoolantand
the air conducted through the charge air duct, respec-
tively; the low temperature exchange stage having an
inlet and an outlet connected to the low temperature cool-
ant loop by a low temperature supply line and a low tem-
perature return line; the high temperature exchange
stage having an inlet and an outlet connected to the high
temperature coolant loop by a high temperature supply
line and a high temperature return line; wherein the inlet
and the outlet of one of the low temperature exchange
stage and high temperature exchange stage are switch-
able connected to the corresponding one of the low tem-
perature coolant loop and the high temperature coolant
loop via a two-way valve; and the same inlet and the
outlet are switchable connected to the supply line and
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the return line of the other one of the low temperature
coolant loop and the high temperature coolant loop via
atwo-way valve in an interconnection arranged between
the supply lines and between the return lines, respec-
tively.

[0033] The arrangement of four two-way valves in-
stead of two three-way valves provides another alterna-
tive system configuration for an exchanger setup of two
exchange stages.

[0034] According to an aspect of the invention, in a
heating mode, when the intake air temperature is heated
up tothe selected target temperature; the two-way valves
are switched to connect the inlet and the outlet of the
high temperature exchange stage with the high temper-
ature coolant loop; and are switched to disconnect the
inlet and the outlet of the low temperature exchange
stage from the low temperature coolant loop.

[0035] According to an alternative aspect to this heat-
ing mode, the two-way valves are switched to connect
the inlet and the outlet of the downstream stage of the
water-to-charge-air heat exchanger with the high tem-
perature coolant loop.

[0036] According to an aspect of the invention, in a
cooling mode, when the intake air temperature is cooled
down to the selected target temperature; the two-way
valves are switched to connect the inlet and the outlet of
the low temperature exchange stage with the low tem-
perature coolant loop; and are switched to disconnect
the inlet and the outlet of the high temperature exchange
stage from the high temperature coolant loop, respec-
tively.

[0037] According to an alternative aspect to this cool-
ing mode, the two-way valves are switched to connect
the inlet and the outlet of the downstream stage of the
water-to-charge air-heat exchanger with the low temper-
ature coolant loop.

[0038] According to an aspect of the invention, at least
one of the two-way valves is realized by a four-way valve.
This configuration provides a more compact valve design
switchable by a single actuator and enabling a space
saving advantage.

[0039] According to an aspect of the invention, the at
least one environmental or powertrain parameter of the
vehicle is selected from: an ambient temperature, a gas
temperature of the intake manifold, an exhaust gas tem-
perature upstream to an exhaust gas aftertreatment de-
vice arranged in an exhaust line of the internal combus-
tion engine, a parameter indicating a selective catalytic
reduction status and/or a parameter indicating an engine
operation condition. By choosing a dependency of the
system control from different parameters, in return, the
operation stability and flexibility is improved.

[0040] Accordingtoan aspectofthe invention, the con-
trol device selects, as the target temperature for the
charge air, between one oftwo predetermined target tem-
perature levels. For example, the system controlcan tem-
porarily pursue a controlling function for a high target
temperature or a low target temperature that supports a
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thermal precondition of a catalytic task or a regeneration
task of an exhaust gas aftertreatment device.

[0041] The above and other objects, features and ad-
vantages of the present disclosure will become more ap-
parent from the following detailed description made with
reference to the accompanying drawings.

[0042] In the drawings:

Fig. 1 is a block diagram of auxiliary components of
the engine periphery, in between which the
system according to the invention is integrat-
ed;

Fig. 2 is a diagram visualizing a heating mode and
a cooling mode beside different temperature
ranges;

Fig. 3 is a block diagram of a first embodiment of the
system according to the invention including
one exchange stage and two three-way
valves;

Fig. 4 is a modification of the first embodiment of the
invention including four two-way valves;

Fig. 5 is a block diagram of a second embodiment
of the system according to the invention in-
cluding a high temperature exchange stage
upstream to a low temperature exchange
stage and two three-way valves;

Fig. 6 is a modification of the second embodiment of
the invention including four two-way valves;
Fig. 7 is a block diagram of a third embodiment of
the system according to the invention includ-
ing a low temperature exchange stage up-
stream to a high temperature exchange stage
and two three-way valves;

Fig. 8 is a modification of the third embodiment of
the invention including four two-way valves;
Fig. 9 is a diagram visualizing the heating mode and
the cooling mode in terms of a charge air pres-
sure and a rotational engine speed; and

Fig. 10 is an explanatory diagram of a transitional
characteristic of the second embodiment of
the invention including a common expansion
tank connecting both coolant loops.

[0043] The presentinvention will be explained in more
detail hereinafter by way of multiple embodiments and
modifications thereof with reference to the drawings.
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(Common structure and periphery of all embodiments)

[0044] Fig. 1 shows an internal combustion engine 2
and auxiliary components in the engine periphery of a
vehicle, in between which the system for controlling a
temperature of intake air is integrated. The auxiliary com-
ponents include a charge air duct 16 that guides charge
air thatis a compressed fresh intake air, or acompressed
variable mixture of intake air and recirculated exhaust
gas which is suctioned and discharged by an impeller 61
of aturbo charger 6 directed to a water-to-charge air heat
exchanger 1. A connecting air duct 12 is formed by a
known intake manifold which feds the compressed
charge air coming from the water-to-charge air heat ex-
changer 1 into combustion chambers in a cylinder block
of the internal combustion engine 2. The exhaust gas
produced by the combustion operation is guided by an
exhaust line section 26 from the combustion chambers
to a turbine 62 of the turbo charger 6 to drive the impeller
61. A downstream exhaust line section 27 guides the
exhaust gas from the turbine 62 to an arrangement of
exhaust aftertreatment devices 7, before the exhaust gas
is released from an exhaust tail.

[0045] In parallel to the water-to-charge air heat ex-
changer 1, a known heat exchanger bypass (not shown)
is connected between the charge air duct 16 and the
connecting air duct 12. A heat exchanger bypass is
opened to bypass the water-to-charge air heat exchanger
1, if a charge air temperature upstream to the water-to-
charge air heat exchanger 1 sufficiently matches a target
intake temperature of charge air, so that an applied tem-
perature change is temporarily not required. However, a
charge air flow is not necessarily binary guided either
through the water-to-charge air heat exchanger 1 or
through the heat exchanger bypass, but can be distrib-
uted in a variable share of volume flows on both paths.
[0046] The engine 2 is a water-cooled gasoline or die-
selengine thatis connected to a high temperature coolant
loop 4. The high temperature coolant loop 3 is driven by
a water pump 30 and circulates a coolant of a high tem-
perature, e.g. 90 to 110 °C between coolant ducts formed
within the engine block and a high temperature radiator
32 which exchanges heat to the ambient air. The high
temperature coolant loop 3 is operated in terms of a con-
ventional coolant circuit of aninternal combustion engine,
i.e. in order to transfer heat generated in the combustion
chambers to the environment in avoidance of destructive
hot spots within the engine block, e.g. the cylinder walls
and cylinder head. In the depicted example of Fig. 1, the
water pump 30 is arranged to the engine block and can
be mechanically driven by a rotational output of the en-
gine 2 or independently driven by an electric motor.
[0047] The high temperature coolant loop 3 also com-
prises a thermostat 35 and a bypass 36 enabling a cold
coolantto bypass the high temperature radiator 32 during
a cold engine start period in which the coolant is not to
be cooled until reaching a predetermined temperature of
e.g. 80 to 90 °C, as preset by the thermostat 35. The
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conventional arrangement of the thermostat 35 and the
bypass 36 in parallel to the high temperature radiator 32
is installed in purpose of a rapid warm-up of the engine
2 in a known manner. In addition, the high temperature
coolant loop 3 includes an interconnection 37 that con-
nects an upstream section of the high temperature cool-
ant loop 3 to an inlet of an exchange stage of the water-
to-charge air heat exchanger 1, and to connect an outlet
of said exchange stage to a downstream section of the
high temperature coolantloop 3, so as to encompass the
water-to-charge air heat exchanger 1 into the high tem-
perature coolant loop 3 depending on a switching state
of the system, as described later.

[0048] The auxiliary periphery of the engine 2 also in-
cludes a low temperature coolant loop 4 that circulates
acoolant of a low temperature, e.g. 40 to 70 °C, between
an exchange stage of the water-to-charge air heat ex-
changer 1 and a low temperature radiator 42 which ex-
changes heat to the ambient air. More particularly, an
upstream section of the low temperature coolant loop 4
connects an outlet of the low temperature radiator 42 to
an inlet of an exchange stage of the water-to-charge air
heat exchanger 1, and an upstream section of the low
temperature radiator 42 connects an outlet of said water-
to-charge air heat exchanger 1 to an inlet of the low tem-
perature radiator 42, so as to encompass the water-to-
charge air heat exchanger 1 into the low temperature
coolant loop 4 depending on a switching state of the sys-
tem, as described later.

[0049] Thelow temperature coolantloop 4 can be com-
bined with the circuit of the high temperature coolant loop
3, in a configuration where, downstream from the high
temperature radiator 32, the low temperature coolant
loop 4 forms a branched-off path running in parallel to
the high temperature coolant loop 3 and re-converges
upstream to the water pump 30.

[0050] In another configuration, the low temperature
coolant loop 4 and the high temperature coolant loop 3
can be separately driven circuits, wherein the low tem-
perature coolant loop 4 is driven by an electric pump 40
(not shown) which can be mechanically driven, or pref-
erably electrically driven. The volume flow to be driven
by the electric version of the pump 40 can be controlled
in magnitude of a provided electric power supply by
means of a control device 5.

[0051] The piping of the coolant loops and the supply
and return lines encompassing the valves can be of any
kind of pipes, tubing, flexible tubes, hoses, or the like that
ensure a conduit for a fluid connection.

[0052] The controldevice 5 of the system for controlling
an intake temperature of charge air Ty, is realized by of
a known micro controller that implements a control logic
to operate switching means realized by electrically actu-
ated valves arranged in the piping of the coolant loops,
as described later, and if applicable, the electric pump
40. For this purpose the control device 5 is electrically
connected to the valves and optionally to the pump 40.
[0053] The control device 5is also electrically connect-
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ed to different sensors in order to process the control
logic based on signal input obtained by the sensors. The
sensor signals are indicative for an engine operative con-
dition, as e.g. the rotational engine speed, an engine
torque or a fuel injection amount, as well as for conditions
of the engine periphery, as e.g. a charged temperature
Tg1 of the charge air downstream the turbo charger 6,
the intake temperature T, of the charge air downstream
the water-to-charge air heat exchanger 1 to be controlled
by the system, an exhaust gas temperature upstream
the exhaust aftertreatment devices 7, a status of a se-
lective catalytic reduction, or the like.

(Control function and modes of the embodiments)

[0054] Fig. 2 indicates a scale of the temperature of
different media involved with the system for controlling
an intake temperature of charge air. The control function
of the control device 5 is based on a comparison of dif-
ferent detected temperatures and the execution of oper-
ation modes in a coolant supply from the coolant loops
to the water-to-charge air heat exchanger 1, so as to
regulate an intake temperature of the charge air ng be-
fore introduction into the combustion chambers, for
matching a target temperature Ty t4rqet Of charge air
which ensures an optimization in one or more purposes
of combustion conditions, fuel consumption and/or ex-
haust emissions. More specific, after determination of
the target temperature T 15461, the control device 5 de-
termines whether to execute a heating mode or a cooling
mode, in comparison of the actual intake temperature of
the charge air Ty, and the target temperature Ty target,
and under consideration of the current temperature T,
of the charge air downstream the turbo charger 6 and
the available coolant temperature T, of the high tem-
perature coolant loop 4.

[0055] The target temperature T, t5rget Can preferably
be selected from a set of predetermined target temper-
atures. For example, the target temperature Ty target iS
selected from a low target temperature T, ,,, preset within
arange 20 °C and 50°C, and a high target temperature
Thigh Preset within a range of 50°C and 110°C, in accord-
ance with different control objectives and to the environ-
mental operating conditions. The control objective can
be selected under consideration of environmental influ-
ences, e.g. summer and winter term ambient tempera-
tures, of exhaust aftertreatment conditions, e.g. the sta-
tus of a selective reduction catalyst, or the like.

(First embodiment)

[0056] The water-to-charge air heat exchanger 1 of
system for controlling an intake temperature includes an
airchannel 10 and an exchange stage 11 accommodated
in a housing of the water-to-charge air heat exchanger
1. The air channel 10 uptakes the charge air discharged
from the turbo charger 6 through the charge air duct 16,
guides the charge air through the housing while crossing
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the exchange stage 11, and introduces the charge air
into the connecting duct 12, i.e. into an intake manifold
of the engine 2. The exchange stage 11 is arranged in
the cross-section of the air channel 10 for exchanging
heat between the charge air passing through and a cool-
ant flow circulating in the exchange stage 11.

[0057] The exchange stage 11 is a device that trans-
fers thermal energy between two parts of the system.
The exchange stage 11 has an inlet and an outlet, as
well as flow channels in between for guiding one coolant,
or a mixture of both coolants, as currently supplied from
the high temperature coolant loop 4 and the low temper-
ature coolant loop 3 through the exchange stage 11. The
exchange stage 11 has the shape of a characteristic ra-
diator body providing an extensively increased surface
to volume ratio for heat exchange, wherein coolant flow
channels run inside the radiator body. The radiator body
of the exchange stage 11 has opened cross-sections
formed therein allowing the charge air in the air channel
10 to cross the radiator body while passing along the
heat exchanging surface.

[0058] As shown in Fig. 3, the system for controlling
anintake temperature further includes piping for connect-
ing the coolant loops to the exchange stage 11 and
switching means realized by valves to open and close
the fluid connections of piping. The valves are preferably
electrically actuated, e.g. electromagnetic proportional
valves, that allow for gradual opening positions for a var-
iable opening cross-sections resulting in a controllable
magnitude of a volume flow passing through the valve.
Likewise, the magnitude of volume flow driven by the
optional electric pump 40 can be gradually controlled be-
tween a shut off and a maximum of power.

[0059] The piping includes a supply line and a return
line connecting the low temperature coolant loop 4 and
the exchange stage 11. The supply line encompasses
the electric pump 40 and a three-way valve 431 i. The
three-way valve 431i establishes a switchable connec-
tion between a supply from the low temperature coolant
loop 4, a supply from the high temperature coolant loop
3 and the inlet of the exchange stage 11. The return line
encompasses a three-way valve 4310. The three-way
valve 4310 establishes a switchable connection between
a return to the low temperature coolant loop 4, a return
to the high temperature coolant loop 3 and the outlet of
the exchange stage 11.

[0060] If the control device 5 executes a maximum
heating mode, the electric pump 40 does substantially
not drive the low temperature loop 4, the three-way valve
431i closes the supply from the low temperature coolant
loop 4, opens the supply from the high temperature cool-
ant loop 3 and opens to the inlet of the exchange stage
11. Meanwhile, the three-way valve 4310 closes the re-
turn to the low temperature coolant loop 4, opens the
return to the high temperature coolant loop 3 and opens
to the outlet of the exchange stage 11.

[0061] In this setting, the exchange stage 11 is circu-
lated with coolant of the high temperature coolant loop 3
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to provide amaximum heating by a transfer from the cool-
ant to the charge air passing the exchange stage 11 in
the air channel 10 of the water-to-charge air heat ex-
changer 1.

[0062] If the control device 5 executes a maximum
cooling mode, the electric pump 40 drives the low tem-
perature coolant loop 4, the three-way valve 431i opens
the supply from the low temperature coolant loop 4, clos-
es the supply from the high temperature coolant loop 3
and opens to the inlet of the exchange stage 11. Mean-
while, the three-way valve 4310 opens the return to the
low temperature coolant loop 4, closes the return to the
high temperature coolant loop 3 and opens to the outlet
of the exchange stage 11.

[0063] In this setting, the exchange stage 11 is circu-
lated with the coolant of the low temperature coolant loop
4 to provide a maximum cooling by a heat transfer from
the charge air to the coolant.

[0064] In an alternative first embodiment, valves 431i
and 4310 are integrally formed in a body of a six-way
valve. This configuration is applicable, since the valves
431iand 4310 operate simultaneously and concordantly.
The piping of this alternative modification provides par-
ticularly the same logical connection paths compared to
the piping of the modification of the first embodiment in-
cluding the two three-way valves.

(Modification of the first embodiment)

[0065] As shown inFig. 4, a modified piping of the sys-
tem for controlling an intake temperature includes a sup-
ply line and a return line connecting the low temperature
coolant loop 4 and the exchange stage 11. The supply
line encompasses the electric pump 40 and a two-way
valve 41i establishing a switchable connection between
the supply from the low temperature coolant loop 4 and
the inlet of the exchange stage 11. The return line en-
compasses a two-way valve 410 establishing a switch-
able connection between the return to the low tempera-
ture coolant loop 4 and the outlet of the exchange stage
11.

[0066] Inaddition, the piping includes a supply line and
areturn line of the high temperature coolant loop 3 con-
necting the same with junctions of the supply line and
the return line of the low temperature coolant loop 4 con-
nected to the exchange stage 11. The supply line en-
compasses a two-way valve 31i establishing a switchable
connection between the supply from the high tempera-
ture coolant loop 3 and a supply line junction connected
to the inlet of the exchange stage 11. The return line
encompasses a two-way valve 310 establishing a switch-
able connection between the return to the high temper-
ature coolant loop 3 and a return line junction connected
the outlet of the exchange stage 11.

[0067] If the control device 5 executes the maximum
heating mode, the electric pump 40 does substantially
not drive the low temperature loop 4, the two-way valve
41i closes the supply from the low temperature coolant
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loop 4 to the inlet of the exchange stage 11, and the two-
way valve 410 closes the return of the low temperature
coolant loop 4 from the outlet of the exchange stage 11.
Meanwhile, the two-way valve 31 i opens the supply from
the high temperature coolant loop 3 to the supply line
junction connected to the inlet of the exchange stage 11,
and the two-way valve 310 opens the return of the high
temperature coolantloop 3 to the return line junction con-
nected the outlet of the exchange stage 11.

[0068] In this setting of the alternative piping, the ex-
change stage 11 is circulated with the coolant of the high
temperature coolant loop 3 to provide a maximum heat-
ing of the charge air.

[0069] If the control device 5 executes the maximum
cooling mode, the electric pump 40 drives the low tem-
perature loop 4, the two-way valve 41i opens the supply
from the low temperature coolant loop 4 to the inlet of
the exchange stage 11, and the two-way valve 410 opens
the return of the low temperature coolant loop 4 from the
outlet of the exchange stage 11. Meanwhile, the two-way
valve 31i closes the supply from the high temperature
coolant loop 3 to the supply line junction connected to
the inlet of the exchange stage 11, and the two-way valve
310 closes the return of the high temperature coolant
loop 3 to the return line junction connected the outlet of
the exchange stage 11.

[0070] In this setting of the alternative piping, the ex-
change stage 11 is circulated with the coolant of the low
temperature coolantloop 4 to provide a maximum cooling
of the charge air.

[0071] In an alternative modification (not shown) of the
firstembodiment, valves 41i and 31i are integrally formed
in a body of a four-way valve, as well as valves 410 and
310 are integrally formed in a body of a four-way valve.
This configuration is applicable, since the valves 41i and
410, as well as 31i and 310 operate simultaneously and
concordantly. The piping of this alternative modification
provides particularly the same logical connection paths
compared to the piping of the modification of the first
embodiment including the four two-way valves.

(Second embodiment)

[0072] In asecond embodiment of the system for con-
trolling an intake temperature, the water-to-charge air
heat exchanger 1 accommodates two exchange stages.
One exchange stage 13 is associated with the high tem-
perature coolant loop 3 and one exchange stage 14 is
associated with the low temperature coolant loop 4,
wherein the meaning of associated herein refers to the
setup of a conventional two-stage water-cooled charge
air cooler equipped with a non-switchable, i.e. discrete
piping arrangement.

[0073] As shown in Fig. 5, in a flow direction of the
charge air conducted in the air channel 10, the exchange
stage 13 associated with the high temperature coolant
loop 3 is arranged upstream and the exchange stage 14
associated with the low temperature coolant loop 4 is
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arranged downstream within the housing of the water-to-
charge air heat exchanger 1.

[0074] The piping of the second embodiment includes
a supply line and a return line connecting the high tem-
perature coolant loop 3 and the exchange stage 13, as
well as a supply line and a return line connecting the low
temperature coolant loop 4 and the exchange stage 14.
The supply line of the low temperature coolant loop 4
encompasses the electric pump 40 and a three-way valve
434i. The three-way valve 434i establishes a switchable
connection between a supply from the low temperature
coolant loop 4, a supply line junction connected to the
supply line of the high temperature coolant loop 3 and
the inlet of the exchange stage 14. The return line en-
compasses a three-way valve 4340 establishing a
switchable connection between a return to the low tem-
perature coolant loop 4, a return line junction connected
to the return line of the high temperature coolant loop 3
and the outlet of the exchange stage 14.

[0075] If the control device 5 executes the maximum
heating mode, the electric pump 40 does substantially
not drive the low temperature coolant loop 4, the three-
way valve 434i closes the supply from the low tempera-
ture coolant loop 4, opens the supply line junction con-
nected to the supply line of the high temperature coolant
loop 3 and opens to the inlet of the exchange stage 14.
Meanwhile, the three-way valve 4340 closes the return
to the low temperature coolant loop 4, opens the return
line junction connected to the return line of the high tem-
perature coolant loop 3 and opens from the outlet of the
exchange stage 14.

[0076] In this setting, the exchange stage 13 associat-
ed with the high temperature coolant loop 3 and the ex-
change stage 14 associated with the low temperature
coolant loop 4 are both circulated with the coolant of the
high temperature coolant loop 3 to provide a maximum
heating by a heat transfer from the coolant to the charge
air.

[0077] If the control device 5 executes the maximum
cooling mode, the electric pump 40 drives the low tem-
perature coolant loop 4, the three-way valve 434i opens
the supply from the low temperature coolant loop 4, clos-
es the supply line junction connected to the supply line
of the high temperature coolant loop 3 and opens to the
inlet of the exchange stage 14. Meanwhile, the three-way
valve 4340 opens the return to the low temperature cool-
ant loop 4, closes the return line junction connected to
the return line of the high temperature coolant loop 3 and
opens from the outlet of the exchange stage 14.

[0078] In this setting, the exchange stage 13 associat-
ed with the high temperature coolant loop 3 is circulated
with the coolant of the high temperature coolant loop 3;
and the exchange stage 14 associated with the low tem-
perature coolant loop 4 is circulated with the coolant of
the low temperature coolantloop 4 to provide a maximum
cooling by a heat transfer from the charge air to the cool-
ant.

[0079] In an alternative second embodiment, valves
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434i and 4340 are integrally formed in a body of a six-
way valve, since the valves 434i and 4340 operate si-
multaneously and concordantly, as explained above. The
piping of this alternative modification provides particular-
ly the same logical connection paths compared to the
piping of the modification of the second embodiment in-
cluding the two three-way valves.

(Modification of the second embodiment)

[0080] Similar to the modification of the first embodi-
ment, the piping of the system for controlling an intake
temperature according to the second embodiment can
be modified so as to comprise four two-way valves, as
shown in Fig. 6.

[0081] The modified piping includes a supply line and
a return line connecting the high temperature coolant
loop 3 and the exchange stage 13, as well as a supply
line and a return line connecting the low temperature
coolant loop 4 and the exchange stage 14.

[0082] The supply line of the low temperature coolant
loop 4 encompasses the electric pump 40 and a two-way
valve 44i establishing a switchable connection between
the supply from the low temperature coolant loop 4 and
the inlet of the exchange stage 14. The return line of the
low temperature coolant loop 4 encompasses a two-way
valve 440 establishing a switchable connection between
the return to the low temperature coolant loop 4 and the
outlet of the exchange stage 14.

[0083] Furthermore, the piping comprises a supply in-
terconnection between both of the supply lines and a
return interconnection between both of the return lines.
The supply interconnection encompasses a two-way
valve 34i establishing a switchable connection between
the supply line of the high temperature coolant loop 3
and a supply line junction connected to the inlet of the
exchange stage 14. The return interconnection encom-
passes a two-way valve 340 establishing a switchable
connection between the return line to the high tempera-
ture coolant loop 3 and a return line junction connected
to the outlet of the exchange stage 14.

[0084] If the control device 5 executes the maximum
heating mode, the electric pump 40 does substantially
not drive the low temperature loop 4, the two-way valve
44i closes the supply from the low temperature coolant
loop 4 to the inlet of the exchange stage 14, and the two-
way valve 440 closes the return of the low temperature
coolant loop 4 from the outlet of the exchange stage 14.
Meanwhile, the two-way valve 34i opens the supply in-
terconnection between the supply line of the high tem-
perature coolant loop 3 and the supply line junction con-
nected to the inlet of the exchange stage 14, and the two-
way valve 340 opens the return interconnection between
the return line of the high temperature coolant loop 3 and
the return line junction connected the outlet of the ex-
change stage 14.

[0085] In this setting of the alternative piping, both of
the exchange stages 13, 14 are circulated with the cool-
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ant of the high temperature coolant loop 3 to provide a
maximum heating of the charge air.

[0086] If the control device 5 executes the maximum
cooling mode, the electric pump 40 drives the low tem-
perature loop 4, the two-way valve 44i opens the supply
of the low temperature coolant loop 4 to the inlet of the
exchange stage 14, and the two-way valve 440 opens
the return of the low temperature coolant loop 4 from the
outlet of the exchange stage 14. Meanwhile, the two-way
valve 34i closes the supply interconnection between the
supply line of the high temperature coolant loop 3 and
the supply line junction connected to the inlet of the ex-
change stage 14, and the two-way valve 340 closes the
return interconnection between the return line of the high
temperature coolant loop 3 and the return line junction
connected the outlet of the exchange stage 14.

[0087] In this setting of the alternative piping, the ex-
change stage 13 is circulated with the coolant of the high
temperature coolant loop 3; and the exchange stage 14
is circulated with the coolant of the low temperature cool-
antloop 4 to provide a maximum cooling of the charge air.
[0088] Inan alternative modification (not shown) of the
second embodiment, valves 44i and 34i are integrally
formed in a body of a four-way valve, as well as valves
440 and 340 are integrally formed in a body of a four-
way valve, since the valves 44i and 440, as well as 34i
and 340 operate simultaneously and concordantly, as
explained above. The piping of this alternative modifica-
tion provides particularly the same logical connection
paths compared to the piping of the modification of the
second embodiment including the four two-way valves.

(Third embodiment)

[0089] A third embodiment of the system for controlling
an intake temperature corresponds substantially to the
second embodiment, except for the difference of an al-
ternated arrangement of the exchange stages 13, 14 in
the water-to-charge air heat exchanger 1.

[0090] As shown in Fig. 7, in the water-to-charge air
heat exchanger 1 of the third embodiment, the exchange
stage 14 associated with the low temperature coolant
loop 4 is accommodated upstream and the exchange
stage 13 associated with the high temperature coolant
loop 3is accommodated downstream in the flow direction
of the charge air conducted in the air channel 10.
[0091] The piping of the third embodiment includes a
supply line and a return line connecting the low temper-
ature coolant loop 4 and the exchange stage 14, as well
as a supply line and a return line connecting the high
temperature coolant loop 3 and the exchange stage 13.
The supply line of the low temperature coolant loop 4
encompasses the electric pump 40. The supply line of
the high temperature coolant loop 3 encompasses a
three-way valve 343i establishing a switchable connec-
tion between a supply from the high temperature coolant
loop 3, a supply line junction connected to the supply line
of the low temperature coolant loop 4 and the inlet of the
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exchange stage 13. The return line of the high tempera-
ture coolant loop 3 encompasses a three-way valve 3430
establishing a switchable connection between a return
to the high temperature coolant loop 3, areturn line junc-
tion connected to the return line of the low temperature
coolant loop 4 and the outlet of the exchange stage 13.
[0092] Ifthe control device 5 executes a heating mode,
the three-way valve 343i opens the supply from the high
temperature coolant loop 3, closes the supply line junc-
tion connected to the supply line of the low temperature
coolant loop 4 and opens to the inlet of the exchange
stage 13. Meanwhile, the electric pump 40 does substan-
tially not drive the low temperature coolant loop 4, the
three-way valve 3430 opens the return to the high tem-
perature coolant loop 3, closes the return line junction
connected to the return line of the low temperature cool-
ant loop 4 and opens to the outlet of the exchange stage
13.

[0093] In this setting of the alternated exchange stage
arrangement, only the exchange stage 13 is circulated
with the coolant of the high temperature coolant loop 3
providing heating by a heat transfer from the coolant to
the charge air at the exchange stage 13, while the ex-
change stage 14 is substantially not circulated with cool-
ant.

[0094] If the control device 5 executes a cooling mode,
the three-way valve 343i closes the supply from the high
temperature coolant loop 3, opens the supply line junc-
tion connected to the supply line of the low temperature
coolant loop 4 and opens to the inlet of the exchange
stage 13. Meanwhile, the electric pump 40 drives the low
temperature coolant loop 4, the three-way valve 3430
closes the return to the high temperature coolant loop 3,
opens the return line junction connected to the return line
of the low temperature coolant loop 4 and opens to the
outlet of the exchange stage 13.

[0095] In this setting of the alternated exchange stage
arrangement, both of the exchange stages 13 and 14 are
circulated with the coolant of the low temperature coolant
loop 4 providing cooling by a heat transfer from the
charge air to the coolant at the exchange stages 13 and
14.

[0096] In an alternative third embodiment, valves 343i
and 3430 are integrally formed in a body of a six-way
valve, since the valves 343i and 3430 operate simulta-
neously and concordantly, as explained above. The pip-
ing of this alternative modification provides particularly
the same logical connection paths compared to the piping
of the modification of the second embodiment including
the two three-way valves.

(Modification of the third embodiment)

[0097] Similar to the modification of the second em-
bodiment, the piping of the system for controlling an in-
take temperature according to the third embodiment can
modified so as to comprise four two-way valves, as
shown in Fig. 8.
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[0098] The modified piping includes a supply line and
areturn line connecting the low temperature coolant loop
4 and the exchange stage 14, as well as a supply line
and areturn line connecting the high temperature coolant
loop 3 and the exchange stage 13. The supply line of the
low temperature coolant loop 4 encompasses the electric
pump 40. The supply line of the high temperature coolant
loop 3 encompasses a two-way valve 33i establishing a
switchable connection between the supply from the high
temperature coolant loop 3 and the inlet of the exchange
stage 13. The return line of the high temperature coolant
loop 3 encompasses a two-way valve 330 establishing
a switchable connection between the return to the high
temperature coolantloop 3 and the outlet of the exchange
stage 13.

[0099] Furthermore, the piping comprises a supply in-
terconnection between both of the supply lines and a
return interconnection between both of the return lines.
The supply interconnection encompasses a two-way
valve 43i establishing a switchable connection between
the supply line of the low temperature coolant loop 4 and
a supply line junction connected to the inlet of the ex-
change stage 13. The return interconnection encom-
passes a two-way valve 430 establishing a switchable
connection betweenthereturnline to the low temperature
coolant loop 4 and a return line junction connected the
outlet of the exchange stage 13.

[0100] If the control device 5 executes the heating
mode, the two-way valve 33i opens the supply from the
high temperature coolant loop 3 to the inlet of the ex-
change stage 13, and the two-way valve 330 opens the
return of the high temperature coolant loop 3 from the
outlet of the exchange stage 13. Meanwhile, the electric
pump 40 does substantially not drive the low temperature
loop 4, the two-way valve 43i closes the supply intercon-
nection between the supply line of the low temperature
coolant loop 4 and the supply line junction connected to
the inlet of the exchange stage 13, and the two-way valve
430 closes the return interconnection between the return
line of the low temperature coolant loop 4 and the return
line junction connected the outlet of the exchange stage
13.

[0101] In this setting of the alternative piping of the al-
ternated exchange stage arrangement, only the ex-
change stage 13 is circulated with the coolant of the high
temperature coolant loop 3 providing heating by a heat
transferfrom the coolant to the charge air at the exchange
stage 13, while the exchange stage 14 is substantially
not circulated with coolant.

[0102] If the control device 5 executes the cooling
mode, the two-way valve 33i closes the supply of the high
temperature coolant loop 3 to the inlet of the exchange
stage 13, and the two-way valve 330 closes the return
of the high temperature coolant loop 3 from the outlet of
the exchange stage 13. Meanwhile, the electric pump 40
drives the low temperature loop 4, the two-way valve 43i
opens the supply interconnection between the supply line
of the low temperature coolant loop 4 and the supply line
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junction connected to the inlet of the exchange stage 13,
and the two-way valve 430 opens the return interconnec-
tion between the return line of the low temperature cool-
antloop 4 and the returnline junction connected the outlet
of the exchange stage 13.

[0103] In this setting of the alternative piping of the al-
ternated exchange stage arrangement, both of the ex-
change stages 13 and 14 are circulated with the coolant
of the low temperature coolant loop 4 providing cooling
by a heat transfer from the charge air to the coolant at
the exchange stages 13 and 14.

[0104] In an alternative modification (not shown) of the
third embodiment, valves 33i and 43i are integrally
formed in a body of a four-way valve, as well as valves
330 and 430 are integrally formed in a body of a four-
way valve, since the valves 33i and 430, as well as 33i
and 430 operate simultaneously and concordantly, as
explained above. The piping of this alternative modifica-
tion provides particularly the same logical connection
paths compared to the piping of the modification of the
third embodiment including the four two-way valves.

(Transitional characteristics)

[0105] Fig. 9 illustrates operation ranges for the exe-
cution of heating modes and cooling modes with respect
to the rotational engine speed and the brake mean ef-
fective pressure (BMEP) that corresponds to a torque
level and an efficiency of the engine 2. As derivable from
the area located in the lower left corner of the diagram,
the heating modes are applicable at low rotational engine
speed and a resulting low charge pressure, as for exam-
ple in driving conditions under urban speed limits or con-
tinuous traffic velocity.

[0106] Itis noted that between the indicative mode ar-
eas in the diagram, a smooth shift rather than a sharp
border is to be considered, reflecting the functionality of
gradual intermediate intensities between a maximum
heating mode and a maximum cooling mode, which is
achieved by the variability of gradual flow rates set by
valve opening positions, a pump driving power and/or a
bypass opening in parallel to the water-to-charge air heat
exchanger 1, as set forth above.

[0107] Fig. 10 shows a diagram setting out time curves
of temperatures of the charge air measured upstream to
the water-to-charge air heat exchanger 1 (Tg4), in be-
tween the exchange stages (ng,) and downstream to the
water-to-charge air heat exchanger 1 (ng,,) during tran-
sitional phases changing from a heating mode to a cool-
ing mode and vice versa again in a period of 100 seconds
each.

[0108] In particular, the diagram depicts the tempera-
ture measurements of a setup of the exchange stage
arrangement of the second embodiment that exhibits a
preferred characteristic during transitional phases, in
comparison to a corresponding controlling conducted on
a prior art thermal system, substantially consisting of a
conventional two-stage water-cooled charge air cooler
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having one exchange stage separately connected to a
high temperature loop and one exchange stage sepa-
rately connected to a low temperature coolant loop by
non-switchable fixed piping connections.

[0109] The dotted curve denotes the characteristic of
a non-switchable thermal system A, accommodating an
exchange stage fixedly connected to a high temperature
loop upstream and an exchange stage fixedly connected
to a low temperature loop downstream in the flow direc-
tion of charge air. As found out by the Inventors, during
a shift from a cooling mode to a heating mode, said ther-
mal system A shows an undesirable slow temperature
rise due to thermal inertia of remaining low temperature
coolant in the downstream exchange stage, resulting in
a temporally ineffective heating of charge air.

[0110] The dashed curve denotes another non-switch-
able thermal system B, accommodating an exchange
stage fixedly connected to a low temperature loop up-
stream and an exchange stage fixedly connected to a
high temperature loop downstream in the flow direction
of charge air. As found out by the Inventors, during a shift
from a heating mode to a cooling mode, said thermal
system B shows an undesirable delay in temperature fall-
ing caused by thermal inertia of remaining high temper-
ature coolant in the downstream exchange stage, result-
ing in a temporally ineffective cooling of charge air.
[0111] Thesolidline denotesthe setup of an exemplary
system of the invention according to the second embod-
iment, i.e. the arrangement of the exchange stage 13
associated with the high temperature coolant loop 3 ar-
ranged upstream and the exchange stage 14 associated
with the low temperature coolant loop 4 arranged down-
stream in the direction of the charge air flow, and con-
nected by a piping having two switchable three-way
valves as described above.

[0112] During controlling of this system according to
the invention between modes, the transitional character-
istic exhibited a significantly enhanced responsiveness
towards both, a quick temperature rise, when shifting
from a cooling mode to a heating mode, as well as a
substantial elimination of delay of temperature fall, when
shifting from a heating mode to a cooling mode.

[0113] The improved responsiveness of the adaption
of intake temperature of charge air (T,+) to the controlled
modes, enables the desired advantages with respect to
combustion efficiency, lower emissions and exploitation
for exhaust aftertreatment purposes, as named above.
[0114] An experimentally applied control function re-
sulting in the shown improvement of transitional charac-
teristic was also adapted to perform a mixing of the flow
rates of coolants supplied from both of the coolant loops.
The functionality of mixing the coolant flow rates was
performed under provision of a common expansion tank
(notshown) connected between both of the coolant loops
for buffering pressure and volume fluctuations occurring
during the transition phases.
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Claims

A system for controlling an intake temperature (Tg)
of a charge air, which is fed into an internal combus-
tion engine (2) of a vehicle, wherein the system com-
prises:

a water-to-charge air heat exchanger (1), which
is switchable connected to a high temperature
coolant loop (3) and/or to a low temperature
coolant loop (4) to exchange heat, and

a charge air duct (16) operatively connected to
the water-to-charge air heat exchanger (1);

a connecting air duct (12) that connects the wa-
ter-to-charge air heat exchanger (1) to the inter-
nal combustion engine (2);

detecting means for detecting the intake tem-
perature (ng) of charge air in the connecting air
duct (12) or downstream of the water-to-charge
air heat exchanger (1);

detecting means for at least one environmental
or powertrain parameter of the vehicle; and

a control device (5) that is coupled to the detect-
ing means for the intake temperature (ng) of
charge air and that is coupled to the detecting
means for the atleast one environmental or pow-
ertrain parameter of the vehicle; wherein

the control device (5) selects a target tempera-
ture for the intake temperature of the charge air
that is fed into the internal combustion engine
(2) according to the detected at least one envi-
ronmental or powertrain parameter; and where-
in

the coolant loops (3, 4) are switched to be con-
nected or disconnected with the water-to-charge
air heat exchanger (1) such that the intake tem-
perature (T4y) of charge air is heated up or
cooled down to the selected target temperature.

A system according to claim 1, wherein

the control device (5) is coupled to a pump (40) driv-
ing the low temperature coolant loop (4); and

in a heating mode, when the charge air is to be heat-
ed up to the selected target temperature, the driving
power of the pump (40) is switched off; or

in acooling mode, when the charge air is to be cooled
down to the selected target temperature, the driving
power of the pump (40) is switched on and controlled
in a volume flow.

A system according to claim 1 or 2, wherein

the water-to-charge air heat exchanger (1) compris-
es an exchange stage (10) for exchanging heat be-
tween a coolant and the air conducted through the
charge air duct (16); and

the exchange stage (10) having aninletand an outlet
switchable connected to the high temperature cool-
antloop (3) and the low temperature coolant loop (4)
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via a three-way valve (431i, 4310), respectively.

A system according to one of the preceding claims,
wherein in a heating mode, when the charge air is
to be heated up to the selected target temperature;
the three-way valves (431i, 4310) are switched to
connectthe inletand the outlet of the exchange stage
(10) with the high temperature coolant loop (3).

A system according to one of the preceding claims,
wherein, in a cooling mode, when the charge air is
to be cooled down to the selected target tempera-
ture;

the three-way valves (431i, 4310) are switched to
connecttheinletand the outlet of the exchange stage
(10) with the low temperature coolant loop (4).

A system according to claim 1 or 2, wherein

the water-to-charge air heat exchanger (1) compris-
es a high temperature exchange stage (13) and a
low temperature exchange stage (14) for exchang-
ing heat between a coolant and the air conducted
through the charge air duct (16), respectively;

the low temperature exchange stage (14) having an
inlet and an outlet connected to the low temperature
coolant loop (4) by a supply line and a return line;
the high temperature exchange stage (13) having an
inletand an outlet connected to the high temperature
coolant loop (3) by a supply line and a return line;
wherein

the inlet and the outlet of one of the low temperature
exchange stage (14) and the high temperature ex-
change stage (13) are switchable connected to the
corresponding one of the low temperature coolant
loop (4) and the high temperature coolant loop (3),
and are switchable connected to the supply line and
the return line of the other one of the low temperature
exchange stage (14) and the high temperature ex-
change stage (13) via a three-way valve (434i, 343i;
4340, 3430), respectively.

A system according to claim 6, wherein, in a heating
mode, when the charge air is to be heated up to the
selected target temperature;

the three-way valves (434i, 4340; 343i, 3430) are
switched to connect the inlet and the outlet of the
high temperature exchange stage (13) with the high
temperature coolant loop (3); and

are switched to disconnect the inlet and the outlet of
the low temperature exchange stage (14) from the
low temperature coolant loop (4).

A system according to claim 6 or 7, wherein, in a
cooling mode, when the charge air is to be cooled
down to the selected target temperature;

the three-way valves (434i, 4340; 343i, 3430) are
switched to connect the inlet and the outlet of the
low temperature exchange stage (14) with the low
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temperature coolant loop (4); and

are switched to disconnect the inlet and the outlet of
the high temperature exchange stage (13) from the
high temperature coolant loop (3), respectively.

A system according to one of claims 3 to 8, wherein
the three-way valve (431i; 434i; 343i) and the three-
way valve (4310; 434; 3430) are realized by a six-
way valve.

A system according to claim 1 or 2, wherein

the water-to-charge air heat exchanger (1) compris-
es a high temperature exchange stage (13) and a
low temperature exchange stage (14) for exchang-
ing heat between a coolant and the air conducted
through the charge air duct (16), respectively;

the low temperature exchange stage (14) having an
inlet and an outlet connected to the low temperature
coolantloop (4) by a low temperature supply line and
a low temperature return line;

the high temperature exchange stage (13) having an
inletand an outlet connected to the high temperature
coolant loop (3) by a high temperature supply line
and a high temperature return line; wherein

the inlet and the outlet of one of the low temperature
exchange stage (14) and high temperature ex-
change stage (13) are switchable connected to the
corresponding one of the low temperature coolant
loop (4) and the high temperature coolant loop (3)
via a two-way valve (44i, 440; 33i, 330); and

the same inlet and the outlet are switchable connect-
ed to the supply line and the return line of the other
one of the low temperature coolant loop (4) and the
high temperature coolant loop (3) via a two-way
valve (34i, 340; 43i, 430) in an interconnection ar-
ranged between the supply lines and between the
return lines, respectively.

A system according to claim 10, wherein, in a heating
mode, when the charge air is to be heated up to the
selected target temperature;

the two-way valves (34i, 340, 44i, 440; 43i, 430, 33i,
330) are switched to connect the inlet and the outlet
of the high temperature exchange stage (13) with
the high temperature coolant loop (3); and

are switched to disconnect the inlet and the outlet of
the low temperature exchange stage (14) from the
low temperature coolant loop (4).

A system according to claim 10 or 11, wherein, in a
cooling mode, when the charge air is to be cooled
down to the selected target temperature;

the two-way valves (34i, 340, 44i, 440; 43i, 430, 33i,
330) are switched to connect the inlet and the outlet
of the low temperature exchange stage (14) with the
low temperature coolant loop (4); and

are switched to disconnect the inlet and the outlet of
the high temperature exchange stage (13) from the
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high temperature coolant loop (3), respectively.

A system according to one of claims 10 to 12, where-
in

two of the two-way valves (34i, 340, 43i, 430) are
realized by a four-way valve; and

two of the two-way valves (44i, 440, 33i, 330) are
realized by a four-way valve.

A system according to one of the preceding claims,
wherein the at least one environmental or powertrain
parameter of the vehicle (7) is selected from:

an ambient temperature, a gas temperature of
the intake manifold, an exhaust gas temperature
upstream to an exhaust gas aftertreatment de-
vice arranged in an exhaust line of the internal
combustion engine (2), a parameter indicating
a selective catalytic reduction status and/or a
parameter indicating an engine operation con-
dition.

A System according to one of the preceding claims,
wherein the control device (5) selects, as the target
temperature for the intake temperature of the charge
air, between one of two predetermined target tem-
perature levels (T gyHigh)-

Amended claims in accordance with Rule 137(2)
EPC.

A system for controlling an intake temperature (Tg)
of a charge air, which is fed into an internal combus-
tion engine (2) of a vehicle, wherein the system com-
prises:

a water-to-charge air heat exchanger (1), which
is switchable connected to a high temperature
coolant loop (3) and/or to a low temperature
coolant loop (4) to exchange heat, and

a charge air duct (16) operatively connected to
the water-to-charge air heat exchanger (1);
wherein

the water-to-charge air heat exchanger (1) com-
prises a high temperature exchange stage (13)
and a low temperature exchange stage (14) for
exchanging heat between a coolant and the air
conducted through the charge air duct (16), re-
spectively;

the low temperature exchange stage (14) having
an inlet and an outlet connected to the low tem-
perature coolant loop (4) by a supply line and a
return line;

the high temperature exchange stage (13) hav-
ing an inlet and an outlet connected to the high
temperature coolant loop (3) by a supply line
and a return line; and
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the inlet and the outlet of one of the low temper-
ature exchange stage (14) and the high temper-
ature exchange stage (13) are switchable con-
nected to the corresponding one of the low tem-
perature coolant loop (4) and the high temper-
ature coolant loop (3), and are switchable con-
nected to the supply line and the return line of
the other one of the low temperature exchange
stage (14) and the high temperature exchange
stage (13) via a three-way valve (434i, 343i;
4340, 3430), respectively;

a connecting air duct (12) that connects the wa-
ter-to-charge air heat exchanger (1) to the inter-
nal combustion engine (2);

detecting means for detecting the intake tem-
perature (Tg,) of charge air in the connecting air
duct (12) or downstream of the water-to-charge
air heat exchanger (1);

detecting means for at least one environmental
or powertrain parameter of the vehicle; and

a control device (5) that is coupled to the detect-
ing means for the intake temperature (Tg,) of
charge air and that is coupled to the detecting
means for the atleast one environmental or pow-
ertrain parameter of the vehicle; wherein

the control device (5) is suitable to select a target
temperature for the intake temperature of the
charge airthatis fed into the internal combustion
engine (2) according to the detected atleastone
environmental or powertrain parameter; and
wherein

the coolant loops (3, 4) are suitable to be
switched to be connected or disconnected with
the water-to-charge air heat exchanger (1) such
that the intake temperature (Tg2) of charge air
is heated up or cooled down to the selected tar-
get temperature.

A system according to claim 1, wherein

the control device (5) is coupled to a pump (40) driv-
ing the low temperature coolant loop (4); and

in a heating mode, when the charge air is to be heat-
ed up to the selected target temperature, the driving
power of the pump (40) is suitable to be switched
off; or in a cooling mode, when the charge air is to
be cooled down to the selected target temperature,
the driving power of the pump (40) is suitable to be
switched on and controlled in a volume flow.

A system according to claim 1 or 2, wherein, in a
heating mode, when the charge air is to be heated
up to the selected target temperature;

the three-way valves (434i, 4340; 343i, 3430) are
suitable to be switched to connect the inlet and the
outlet of the high temperature exchange stage (13)
with the high temperature coolant loop (3); and

are suitable to be switched to disconnect the inlet
and the outlet of the low temperature exchange stage
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(14) from the low temperature coolant loop (4).

A system according to one of claims 1 to 3, wherein,
ina coolingmode, when the charge airis to be cooled
down to the selected target temperature;

the three-way valves (434i, 4340; 343i, 3430) are
suitable to be switched to connect the inlet and the
outlet of the low temperature exchange stage (14)
with the low temperature coolant loop (4); and

are suitable to be switched to disconnect the inlet
and the outlet of the high temperature exchange
stage (13) from the high temperature coolant loop
(3), respectively.

A system according to one of claims 1 to 4, wherein
the three-way valve (43li; 434i; 343i) and the three-
way valve (4310; 434; 3430) are realized by a six-
way valve.

A system for controlling an intake temperature (Tg)
of a charge air, which is fed into an internal combus-
tion engine (2) of a vehicle, wherein the system com-
prises:

a water-to-charge air heat exchanger (1), which
is switchable connected to a high temperature
coolant loop (3) and/or to a low temperature
coolant loop (4) to exchange heat, and

a charge air duct (16) operatively connected to
the water-to-charge air heat exchanger (1);
wherein

the water-to-charge air heat exchanger (1) com-
prises a high temperature exchange stage (13)
and a low temperature exchange stage (14) for
exchanging heat between a coolant and the air
conducted through the charge air duct (16), re-
spectively;

the low temperature exchange stage (14) having
an inlet and an outlet connected to the low tem-
perature coolant loop (4) by a low temperature
supply line and a low temperature return line;
the high temperature exchange stage (13) hav-
ing an inlet and an outlet connected to the high
temperature coolant loop (3) by a high temper-
ature supply line and a high temperature return
line;

the inlet and the outlet of one of the low temper-
ature exchange stage (14) and high temperature
exchange stage (13) are switchable connected
to the corresponding one of the low temperature
coolant loop (4) and the high temperature cool-
ant loop (3) via a two-way valve (44i, 440; 33i,
330); and

the same inlet and the outlet are switchable con-
nected to the supply line and the return line of
the other one of the low temperature coolant
loop (4) and the high temperature coolant loop
(3) via a two-way valve (34i, 340; 43i, 430) in an
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interconnection arranged between the supply
lines and between the return lines, respectively;
a connecting air duct (12) that connects the wa-
ter-to-charge air heat exchanger (1) to the inter-
nal combustion engine (2);

detecting means for detecting the intake tem-
perature (ng) of charge air in the connecting air
duct (12) or downstream of the water-to-charge
air heat exchanger (1);

detecting means for at least one environmental
or powertrain parameter of the vehicle; and

a control device (5) that is coupled to the detect-
ing means for the intake temperature (ng) of
charge air and that is coupled to the detecting
means for the atleast one environmental or pow-
ertrain parameter of the vehicle; wherein

the control device (5) is suitable to select a target
temperature for the intake temperature of the
charge airthatis fed into the internal combustion
engine (2) according to the detected atleastone
environmental or powertrain parameter; and
wherein

the coolant loops (3, 4) are suitable to be
switched to be connected or disconnected with
the water-to-charge air heat exchanger (1) such
that the intake temperature (Ty) of charge air
is heated up or cooled down to the selected tar-
get temperature.

A system according to claim 6, wherein

the control device (5) is coupled to a pump (40) driv-
ing the low temperature coolant loop (4); and

in a heating mode, when the charge air is to be heat-
ed up to the selected target temperature, the driving
power of the pump (40) is suitable to be switched
off; or

in acooling mode, when the charge air is to be cooled
down to the selected target temperature, the driving
power of the pump (40) is suitable to be switched on
and controlled in a volume flow.

A system according to claim 6 or 7, wherein, in a
heating mode, when the charge air is to be heated
up to the selected target temperature;

the two-way valves (34i, 340, 44i, 440; 43i, 430, 33i,
330) are suitable to be switched to connect the inlet
and the outlet of the high temperature exchange
stage (13) with the high temperature coolant loop
(3); and

are suitable to be switched to disconnect the inlet
and the outlet of the low temperature exchange stage
(14) from the low temperature coolant loop (4).

A system according to one of claims 6 to 8, wherein,
in acooling mode, whenthe charge air is to be cooled
down to the selected target temperature;

the two-way valves (34i, 340, 44i, 440; 43i, 430, 33i,
330) are suitable to be switched to connect the inlet
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and the outlet ofthe low temperature exchange stage
(14) with the low temperature coolant loop (4); and
are suitable to be switched to disconnect the inlet
and the outlet of the high temperature exchange
stage (13) from the high temperature coolant loop
(3), respectively.

A system according to one of claims 6 to 9, wherein
two of the two-way valves (34i, 340, 43i, 430) are
realized by a four-way valve; and

two of the two-way valves (44i, 440, 33i, 330) are
realized by a four-way valve.

A system according to one of the preceding claims,
wherein the at least one environmental or powertrain
parameter of the vehicle (7) is selected from:

an ambient temperature, a gas temperature of the
intake manifold, an exhaust gas temperature up-
stream to an exhaust gas aftertreatment device ar-
ranged in an exhaust line of the internal combustion
engine (2), a parameter indicating a selective cata-
lytic reduction status and/or a parameter indicating
an engine operation condition.

A System according to one of the preceding claims,
wherein the control device (5) is suitable to select,
as the target temperature for the intake temperature
of the charge air, between one of two predetermined
target temperature levels (T ohigh)-
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